Abstract: We investigated the effect of aroma on the event related potential (ERP) during certain cognitive workload . In this study we regard repeated oddballtask as our cognitive woridoad, while the oddball task itself is used to be considered as the cognitive task for investigating the event related potential under the auditory stimuli. We used the oddball task consisting of three kinds of tones . The oddball task used in this study was consisted of three kinds of auditory stimuli. The auditory oddball operation task was 8 min long and a total of three tasks were conducted twice at 3 min intervals. The latency of P300 during the third task of the oddball operation increased more than that of the first task. The delay of the P300 latency was thought to be related to the mental fatigue induced from the auditory oddball task . The effect of aroma on the mental fatigue induced from the auditory oddball task was studied using the aroma of lavender, rose and lemon. It was found that the delay of the P300 latency was shorter in the presence of aroma (lavender, rose and lemon) than that without the aroma These results would suggest that the presence of an aroma could be effective in reducing mental fatigue induced from the auditory oddball task.
INTRODUCTION
In modern society, opportunities for feeling corporal stress (for example, hard work) have decreased, because various kinds of equipment have been developed. On the other hand, opportunities for feeling the mental stress, such as the work continuously looking at a screen for a long time, have increased. In order to reduce the mental stress, the effective use of aroma has attracted attention [1] .
Although the effect of aroma on physiological and psychological state of living body, and the mechanism of that effect were studied by some researchers [2, 3] , almost all the aroma studies on the central nerves system were investigated by the electric physiological changes in aroma presentation [4] . With respect to the evaluation of specific work stress and mental fatigue, the studies measuring the plethysmogram and electro-cardiogram as an index are reported [5] [6] [7] [8] . However, the studies with respect to the effect of aroma have been few. Although the studies on the evaluating mental fatigue based on brain waves as an index have been reported [9] [10] [11] [12] , the evaluation method for mental fatigue is not established.
Event-related potentials (ERP) have been proven useful for the assessment of various cognitive processes including attention. In ERP studies, oddball task is often used, in which stimuli to be detected as targets infrequently appeared among a series of background (standard) stimuli. In particular, P300 to target stimuli is commonly used as an evaluation of the cognitive processes. The stimuli are target and standard tones in an auditory oddball task. For the evaluation of fatigue accumulation, it is necessary to repeatedly impose the oddball task. However, there is a possibility that the oddball task provides a workload.
In this study, we assumed that the auditory oddball task provides a cognitive workload under many repeated measurements of the auditory oddball task. The oddball task using three kinds of tone burst sounds was repeatedly carried out in order to give the cognitive workload and to evaluate the workload at the same time. The mental fatigue induced from the auditory oddball task was studied on the basis of the change in the ERP wave. This method allows to expect to observe the small change in the ERP wave against the process of fatigue , because the oddball task, which is an evaluation method of a cognitive process, is used as the method of evaluation and is used as the workload. The effect of aroma on mental fatigue induced from the auditory oddball task was studied using the aroma of lavender, rose and lemon. participated in this experiment. Drinking was prohibited during the previous day. All subjects were tested after abstaining from food for 2h. They slept well the day before and had no physical problem on the test day. They washed their hair before the EEG measurement in order to decrease the electrode resistance. Informed consent for this experiment was obtained from all subjects.
Auditory oddball task
The oddball task using three kinds of tones was repeatedly carried out in order to produce a large workload. The auditory stimuli were pure tones (one target and two standards) presented through a speaker at an interval of 1.5s. All tones were 100ms in duration. The target stimulus was always a 2000Hz tone which randomly occurred with a probability of 02; one standard stimulus was always a 1000Hz tone which randomly occurred with a probability of 0.4; another standard stimulus was always a 1500Hz tone which randomly occurred with a probability of 0.4. A button-press response to the target was required. In order to provide a large stress, a task of auditory oddball operation was 8 min long and a total of three tasks were conducted twice at 3 min intervals. These three tasks were defined as first task, second task and third task. The protocol of the oddball task is shown in Fig. 1 .
EEG recording
The subjects sat in a comfortable chair in an air-conditioned and sound proof shielded room separated from the recording equipment. During the task, the subjects were instructed to fixate on a point in front of them and to avoid eye blinks or movement to prevent artifact.
An electroencephalogram (EEG) was recorded using Ag/AgCI plated electrodes at Fz, Cz and Pz of the 10-20 system . In addition, two electrodes were attached to both earlobes as the lemon and odorless were performed against 8 subjects.
The rest periods between each experimental session were set at least 30 min.
RESULTS AND DISCUSSION
P300, which is evoked about 300 ms after stimulus onset, is a positive potential in the ERP wave. This potential reflects cognitive processes underlying attention allocation and memory updating [13-161.
The P300 waveforms of ERP were obtained using the cross-correlation method between the grand average and each waveform correlation [9] . It was confirmed that P300 was elicited by target stimuli in all subjects. The peak latency and the amplitude of the P300 were extracted from these waves. Fig. 3 shows the averages of all subject's ERP waveform evoked by the first and third oddball tasks under odorless. P300 contains a former component (P300a) and a latter component (P300b). Generally, P300a is elicited by novel stimuli or igunore stimuli, and P300b is elicited by target stimuli [ 17] . In this study, the ERP waveforms elicited by target stimuli were used to analyze the P300, so we used P300b as P300. The P300 waveforms of ERP evoked by the auditory oddball tasks were measured at the Fz, Cz and Pz sites. Fig. 4 shows the changes in the P300 amplitude at the Fz, Cz and Pz sites for each task. From the figure, the value of the P300 amplitude at Fz site was slightly smaller than those of at Cz and Pz sites. The reason was thought that P300b (P300 in this paper) was predominantly distributed in the parietal region [ 17] . The difference in the peak amplitude of P300 at Fz, Cz and Pz sites for each task did not reach a significant level difference. Fig.5 shows the change in the peak latency of P300 at Fz, Cz and Pz sites for the oddball task number. There was not a clear difference in peak latency of P300 at Fz and Pz sites for the oddball task number. But at Cz site, the peak latency of the P300 delayed with the increasing number of oddball tasks and the latency of P300 at the third task oddball operation increased more than that of the first task. The difference in the P300 peak latency between first task and third task at the Cz site statistically reached a significant level difference (p < 0.05 ). The change in the P300 peak latency at the Cz site was clearer than those at Fz and Pz sites, because P300b (P300 in this paper) was superiorly distributed in the parietal region [ 17] . It was reported that the P300 latency of an auditory ERP was prolonged by the mental fatigue induced from the visual display terminal (VDT) tasks [9] or calculating tasks [12] . Therefore, the delay of the P300 latency is thought to be related to the mental fatigue induced from the auditory oddball task. It is suggested that the ERP recording may be useful for the objective evaluation of mental fatigue. The effect of aroma (lavender, rose and lemon) on the mental fatigue induced during the auditory oddball task was studied using P300. delayed with the increasing number of oddball tasks without the aroma, but in the presentation of aroma the peak latency of P300
did not changed for the oddball task number. Fig. 7 shows the effect of aroma on the differences between the P300 latency during the first task of the oddball operation and that of the third task. For the odorless event, the difference in the P300 latency between the first task and the third task was large and the difference value was 23ms. On the other hand, the difference in the P300 latency between the first task and the third task during the presentation of lavender, rose and lemon were 1.3 ms, 4.6 ms and 0.6 ms, respectively. There was a tendency that the differences in the P300 latency were smaller during the presentation of aroma than that without aroma. The differences in the P300 latency between the aroma presentation and odorless presentation was statistically a significant level difference (p < 0.05 ).
Although the significant difference of the P300 latency was not recognized among the lavender, rose and lemon, there is a possibility that the difference would be recognized by using other aromas.
The P300 latency of the auditory ERP was prolonged by the mental fatigue induced from an auditory oddball task and the delay of the P300 latency was shorter in the presence of an aroma such as lavender, rose and lemon than that without aroma.
These results indicate that the presence of an aroma could be effective in reducing the mental fatigue from an auditory oddball task. 
CONCLUSION
This study was investigated the effect of aroma on the cognitive workload by an auditory oddball task using the event-related potential (P300). The oddball task using three kinds of tone burst sounds was repeatedly carried out in order to produce a cognitive workload and to evaluate the workload at the same time. The auditory oddball operation task was 8 min long and a total of three tasks were conducted twice at 3 min intervals. The latency of the P300 at the third task of oddball operation increased more than that of the first task. The delay of P300 latency was thought to be related the mental fatigue induced from the auditory oddball task. The effect of aroma on the mental fatigue induced from the auditory oddball task was studied using the aroma of lavender, rose and lemon . It was found that the delay of the P300 latency was shorter in the presence of aroma (lavender, rose and lemon) than that without aroma. These results would suggest that the presence of an aroma could be effective in reducing the mental fatigue induced from the auditory oddball task.
Repetitive task generally produces the learning and fatigue effects. The delay inhibition observed in this experiment would thus be caused either by the reduction of fatigue, or by the facilitation of learnig, or by both. Many researchers have shown the arousing effects of aroma, observed on CNV(contingent negative variation), beta wave of EEG, and some indeces of autonomic nervous system . In the condition of the odorless air in this study, delayed latency of P300 at Cz is observed, and it would result from fatigue rather than learning . So the inhibition of the P300 delay would result from the reduction of fatigue to be caused by the presentation of aroma
